INTRODUCTION {#sec1-1}
============

Complete removal of the root canal content and access to the apical foramen in a retreatment are mandatory for the proper cleaning and reobturation.\[[@ref1]\] Gutta-percha and endodontic sealer are widely used as filling materials, and their effective removal in endodontic retreatment is considered essential for success.\[[@ref2]\] Gutta-percha is usually removed with Hedstrom files alone or in combination with Gates Glidden drills with or without solvents.\[[@ref3]\] However, this conventional method can be a tedious and time-consuming process, especially when the root filling material is well condensed.\[[@ref4]\]

Rotary nickel--titanium (NiTi) instruments have also been used for the removal of filling materials from root canals and various studies have reported their efficacy and safety.\[[@ref5][@ref6]\] The ProTaper Universal Retreatment system (Dentsply Maillefer, Ballaigues, Switzerland) was specifically developed for the retreatment that included three instruments as follows: D1-30/.09-16 mm, D2-25/.08-18 mm, and D3-20/.07-22 mm, which are used at 500 rpm.\[[@ref7]\] These retreatment files have been found to be effective in removing root filling material,\[[@ref8]\] when compared to manual procedures. However, ProTaper retreatment files were found to be unable to render the canals free of root filling material. Indeed, retreatment files as well as the Hedström files left substantial amounts of material on the canal walls.\[[@ref9]\]

A new concept has been introduced for shaping the root canal from start to finish with one single file.\[[@ref10][@ref11]\] The reciprocating files are made of M-Wire NiTi alloy that offers greater flexibility and greater resistance to cyclic fatigue compared to traditional NiTi alloys.\[[@ref12]\] Recently, two brands of reciprocating files have become available in the market; Reciproc and WaveOne. Reciproc is comprised of three file sizes (R25, R40 and R50) used with an electric motor while WaveOne is comprised of a small (21.06), a primary (25.08) and a large file (40.08).\[[@ref13][@ref14]\] The same technique is also indicated for retreatment purposes, in which the instruments are used with a brushing motion against the lateral walls of the canal to remove any residual filling material.\[[@ref11][@ref14]\]

The aim of this study was to compare the efficacy of hand file, nickel titanium rotary instrument, and two reciprocating instruments for removing filling material from extracted human teeth. The null hypothesis was that there was no significant difference among the three techniques tested in the efficacy of removing filling material.

MATERIALS AND METHODS {#sec1-2}
=====================

Tooth selection {#sec2-1}
---------------

Eighty-eight freshly extracted single-rooted mandibular premolar teeth were selected. Preoperative mesiodistal and buccolingual radiographs were taken to verify the presence of a single straight canal in each tooth. The teeth were verified radiographically as having patent canals with curvatures \<10° according to the Schneider method.\[[@ref15]\] All teeth were analyzed radiographically to confirm the presence of the mature root and the absence of root filling, resorption, or calcifications. Soft tissue and calculus were removed from the root surfaces and the teeth were stored in a 0.9% physiological saline solution until use.

The coronal access cavity was prepared by using a high-speed diamond bur with copious water spray. After the removal of the pulp tissue, patency was assured with a size 10 K-file (VDW Antaeos, Munich, Germany), and the working length was established 1 mm short of the apical foramen. To standardize the samples, the crowns were abraded to obtain root canals with a working length of 16 mm.

Root canal preparation and filling {#sec2-2}
----------------------------------

The coronal portion of the canal was flared with sizes 2-3 Gates-Glidden burs (Dentsply Maillefer, Ballaigues, Switzerland). The tooth was further prepared with a step-back technique to apical size 40 using 0.02 taper K-files (VDW Antaeos, Munich, Germany). After instrumentation, 2 mL of 2.5% NaOCl was used and 17% ethylenediaminetetraacetic acid (EDTA) was applied for 3 min to remove the smear layer. The root canals were dried and obturation was done using cold lateral compaction with gutta-percha (DiaDent, DiaDent Group, Burnaby, Canada) and root canal sealer (AH 26, Dentsply DeTrey, Konstanz, Germany). Following the root canal obturation, a heated plugger was used to remove the excess gutta-percha to a level 2 mm short of the canal orifice followed by vertical compaction with a cold plugger. Teeth were radiographed in the buccolingual and mesiodistal directions to confirm the radiographic adequacy of root filling, using the following criteria: Reaching working length, uniform radiopacity, and no voids. The coronal orifice of each canal was sealed with a temporary filling material (Cavit G, 3M-ESPE, Seefeld, Germany), and the teeth were stored at 37°C in 100% humidity for 1 month to allow complete setting of the sealer.

Retreatment procedures {#sec2-3}
----------------------

The temporary fillings were removed. All specimens were coded and randomly assigned to 4 groups of 22 specimens in each group. In each group, the bulk of the gutta-percha in the coronal third of the root canals were removed with sizes 2-3 Gates-Glidden burs.

Group 1 (Reciproc group) {#sec2-4}
------------------------

A size 40, 0.06 taper Reciproc single file (VDW, Munich, Germany) was used in a slow, reciprocating, in-and-out pecking motion with an electric motor (VDW Silver Reciproc, VDW GmbH, Munich, Germany), according to the manufacturer\'s instructions. The flutes of the instrument were cleaned with 1% sodium hypochlorite after each set of three pecks.

Group 2 (WaveOne group) {#sec2-5}
-----------------------

A size 40, 0.08 taper WaveOne single file (Dentsply Maillefer, Ballaigues, Switzerland) was used with a WaveOne motor (Dentsply Maillefer, Ballaigues, Switzerland) and operated with a 6:1 reducing handpiece. The preprogrammed motor was set for the angle of reciprocation and the speed for WaveOne instruments, according to the manufacturer\'s instructions. The files were used with a progressive up-and-down movement no more than four times with minimal apical pressure. The files were then removed and wiped clean.

Group 3 (ProTaper universal retreatment group) {#sec2-6}
----------------------------------------------

The files (Dentsply Maillefer, Ballaigues, Switzerland) were operated with a speed and torque-controlled electric motor (X-Smart; Dentsply Maillefer, Ballaigues, Switzerland) at a constant speed of 400 rpm and a torque of 3 Ncm for the D2 and D3 instruments. The D1 instrument was used for cervical third, the D2 instrument was used for the middle third, and the D3 was used for the apical third. The instruments were used in a crown-down manner to reach working length, using a brushing motion, according to the manufacturers' instructions. Preparation of root canal was completed when the D3 instrument reached working length, and no additional root canal filling material could be recovered on the instrument (Bramante and Betti 2000).

Group 4 (Hand instrument group) {#sec2-7}
-------------------------------

Hand instrumentation was carried out using Hedström files (VDW Antaeos, Munich, Germany) in a circumferential motion. A step-back procedure with Hedström files was then completed coronally in 1-mm increments to file size 40.

During retreatment procedures, a total of 2.5 mL 2.5% NaOCl solution was used per tooth. Irrigation with 5 mL 17% EDTA was performed for 3 min to remove the smear layer from each tooth followed by final irrigation with 5 mL 2.5% NaOCl for each specimen.

Evaluation of residual material {#sec2-8}
-------------------------------

The amount of residual material was evaluated using a method described by Zuolo *et al*.\[[@ref16]\] Removal of filling materials was considered complete when the working length was reached, and no more gutta-percha could be seen on the last instrument used. To evaluate the residual filling material, the teeth were grooved buccolingually using a double-sided diamond disc and sectioned longitudinally using a chisel. Both halves of the root canal were photographed (Olympus DP20, Olympus, Tokyo, Japan) under a stereomicroscope (Olympus SZ61, Olympus, Melville, NY, US) at ×8 magnification. The photographs of the samples obtained were captured as JPEG images. The remaining gutta-percha and sealer on the split root halves were measured using ImageJ 1.33 software (National Institutes of Health, Bethesda, MD). The evaluation of the specimens was performed by two operators blinded to the techniques and the devices used for retreatment. In case of disagreement, the specimen was reevaluated by both operators. For each specimen, the arithmetical means of the area of the canal and of remaining gutta-percha and sealer (in square millimeters), obtained by the two operators, were used to determine the percentage of remaining filling materials for all specimens.

Statistical analysis for the area of residual filling material was performed using the Kruskal--Wallis and Mann--Whitney tests with a significance level of \<0.05. Statistical tests were performed using the software, Statistical Packages for Social Sciences (SPSS) (version 19.0) for Windows (SPSS Inc., Chicago, IL).

RESULTS {#sec1-3}
=======

None of the files completely removed the filling material and remnants of filling material were observed in all samples regardless of the groups examined. Means and standard deviations of the area of residual filling material after instrumentation were presented in [Table 1](#T1){ref-type="table"}. A significant difference was found among all groups (*P* \< 0.001). The specimens prepared with WaveOne demonstrated significantly less remaining filling material \[[Figure 1a](#F1){ref-type="fig"}\]. The Reciproc group \[[Figure 1b](#F1){ref-type="fig"}\] demonstrated significantly less remaining material than the ProTaper Universal Retreatment file group \[[Figure 2a](#F2){ref-type="fig"}\]. The highest amount of filling material was found among specimens in which gutta-percha was removed using Gates-Glidden burs and stainless steel hand file \[[Figure 2b](#F2){ref-type="fig"}\].

No procedural errors including perforations, blockages, ledges, and deformations or fractures of any instrument were noted.

###### 

The measurement of the mean and standard deviation of the area of residual filling material by canal region after instrumentation. Different superscript letters represents statistically significant differences (*P* \< 0,001)
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![A specimen representative of WaveOne reciprocating file group (a) and Reciproc reciprocating file group (b)](JCD-19-184-g002){#F1}

![A specimen representative of ProTaper Universal Retreatment group (a) and hand instrument group (b)](JCD-19-184-g003){#F2}

DISCUSSION {#sec1-4}
==========

In the present study, three different instrumentation techniques were compared to evaluate whether the instrumentation techniques using with reciprocation could remove the filling material from root canals more effectively than other methods. In this study, mandibular premolar teeth with single-rooted straight canals were used. Similarly, the majority of experimental studies comparing the efficacy of retreatment techniques have been performed using straight root canals to simplify the standardization of the specimens.\[[@ref16][@ref17]\]

Various studies have compared the efficacy of rotary NiTi instruments to that of stainless steel hand files for removing gutta-percha and sealer from root canals.\[[@ref5][@ref8]\] Studies in which the efficacy of rotary NiTi instrumentation and manual instrumentation were compared in terms of the amount of remaining filling material demonstrated conflicting results. Some studies have revealed similar amounts of residual root filling material and sealer after rotary NiTi and manual instrumentation in root canals.\[[@ref18][@ref19]\] In contrast, some studies have reported the superiority of rotary NiTi instrumentation over manual instrumentation in terms of the amount of remaining filling material,\[[@ref6][@ref20]\] while other studies have reported the superiority of manual instrumentation over rotary NiTi instrumentation.\[[@ref21][@ref22]\] Bueno et al.\[[@ref23]\] reported that NiTi rotary instruments were less effective in removing filling material from root canal walls than manual instruments in straight root canals. Our results contradicted this conclusion and showed that rotary NiTi instrumentation with a retreatment file was superior to the manual instrumentation technique. The difference between the results could be related to the NiTi files used in these two studies. In the present study, a NiTi rotary file specifically manufactured for retreatment procedures was used. On the other hand, Bueno *et al*.\[[@ref21]\] and Aydin *et al*.\[[@ref22]\] used K3 and Hero 642 files, respectively, which were manufactured as root canal preparation files but not as retreatment files. Similar to our results, according to Giuliani *et al*.,\[[@ref24]\] the ProTaper Universal System for retreatment files left cleaner root canal walls root canal walls compared to both hand and rotary instruments.

The current literature contains limited data about the efficacy of the reciprocating systems in retreatment procedures. These files are made of M-Wire NiTi alloy that offers greater flexibility and greater resistance to cyclic fatigue compared to the traditional NiTi alloy.\[[@ref15]\] The main advantage is that the working time is four times less than the traditional NiTi systems, eliminating cross-contamination between patients, once the instrument is discarded after use.\[[@ref12][@ref23][@ref25]\] Recently, two brands of NiTi instruments advocating the reciprocation concept were introduced in the market: Reciproc and WaveOne. Although both instruments work according to the same principles, there are some differences in their preparation motions. The manufacturers claim that Reciproc works in the reciprocal motion with rotation of 150° counterclockwise, then 30° clockwise rotation, whereas WaveOne works with rotation of 170° counterclockwise, then 50° clockwise rotation. Additionally, these files have different tapers and different reciprocating rotation rates of 300 rpm and 350 rpm for Reciproc and WaveOne, respectively.\[[@ref12]\] As a methodological limitation, two reciprocating instruments with different tapers were compared in the present study. Although using instruments with different tapers may seem like a lack of standardization, the most appropriate apical file size compatible with the prepared root canal size before obturation was selected.

Another limitation of this study was the technique that was used to determine the amount of remaining filling material. Taking digital images after splitting teeth longitudinally provided direct visualization of the filling material but the splitting procedure may have caused loss of gutta-percha. However, several studies have reported that the use of vertical split roots is an adequate technique, and is more accurate than radiographic examinations, which produce only two-dimensional images of the samples.\[[@ref16][@ref26]\]

In the present study, the WaveOne group demonstrated less residual filling materials when compared to the Reciproc group, albeit significantly. We considered that this result could be related to clockwise--counterclockwise motion, the smaller taper (.06) and less rotation rate (300 rpm) of the Reciproc system. Both reciprocating files left significantly less filling materials on the canal walls than the full-rotation NiTi file. This result is in accordance with a recent study by Zuolo *et al*.,\[[@ref17]\] which found that reciprocating instruments removed more filling material from the canal walls than retreatment files (Mtwo R).

CONCLUSION {#sec1-5}
==========

Samples in every experimental group demonstrated remnants of filling material. WaveOne was significantly more effective than Reciproc in removing the root canal filling. The reciprocating technique was the most efficient method for removing gutta-percha and sealer, followed by the rotary technique and the hand file technique.
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